Introduction 13
Brucella is a small Gram negative bacterium usually isolated from ruminants, pigs and 14 rodents. Classically the genus is divided into six species which are further subdivided into 15 several biovars, each infecting a preferential but not exclusive host (Boschiroli et al., 2001) . 16
From the mid 1990s Brucella-like bacteria were isolated from carcasses of marine mammals, 17 such as seals, dolphins, porpoises and whales. These bacteria have been found in a wide 18 range of tissues and have been shown to cause both abortion and meningoencephalitis (Foster 19 et al., 2002; Ohishi et al., 2003; Miller et al., 1999; Gonzalez et al., 2002) however very few 20 human infections have been reported (Sohn et al., 2003; Brew et al., 1999; McDonald et al., 21 2006) . These strains isolated form marine mammals could not be ascribed to the known six 22 species based on classical typing methods but could, however, be subdivided into three 23 groups based on CO 2 dependence, galactose oxidation, dominant antigen and animal host 24 (Jahans et al., 1997) . 25 3 Over the past few years, molecular analysis using DNA/DNA hybridization and 26 ribotyping (Verger et al., 2000) , genomic fingerprinting of Xba1 profiles using PFGE (Jensen 27 et al., 1999) , analysis of insertion sequence profiles and DNA 28 polymorphism in outer membrane protein genes (Cloeckaert et al., 2001a; Vizcaino et al., 29 2004) , has confirmed that the marine strains are genetically distinct from the terrestrial strains 30 and, therefore, two new species, Brucella pinnipediae (group I strains) and Brucella cetaceae 31 (group II and III strains) have been proposed (Cloeckaert et al., 2001b 
Bacterial Strains 39
The Brucella strains used in this study and their hosts are listed in Table 1 . Isolates were from 40 seals, dolphins, porpoises, an otter and a minke whale (Jahans et al., 1997; Clavareau et al., 41 1998) . 42 43
Pulsed Field Gel Electrophoresis 44
PFGE was performed as previously described (Jumas-Bilak et al., 1995; Michaux-Charachon 45 et al., 1997) . Briefly, intact genomic DNA was prepared from bacterial embedded in agarose 46 plugs and subjected to PFGE (BioRad CHEF DRII), either undigested or after digestion with 47
PacI or SpeI. Pulse conditions are described in figure legends. 48 4
Phylogenetic Analysis 49
Similarity between strains was calculated as the Dice coefficient as described by Grothues 50 and Tummler (Grothues and Tummler, 1991) shown in Fig. 1 . The restriction patterns fell into three groups that were identical to the 58 groups defined by Jahans et al (Jahans et al., 1997) based on classical typing methods. The 59 group I pattern was found in strains isolated from common, grey and hooded seals, and an 60 otter, group II pattern in strains isolated from common and striped dolphins and group III 61 pattern in strains isolated from porpoises, a white-sided dolphin and a mink whale. One 182 62 kb fragment was missing from two group I strains (39-94 and 44-94; isolated from common 63 seals). Strain 56-94 (isolated from a hooded seal) shows the most divergence from the group 64 as it lacks the 182 kb fragment, a 62 kb and has other minor differences in the 20-30 kb 65 region. The 62 kb fragment missing from strain 56-94 is specific to group I strains, since it 66 failed to hybridize with genomic DNA from any of the classical Brucella species or other 67 marine mammal strains (not shown). Comparison of the published Brucella genome 68 sequences (Paulsen et al., 2002; Halling et al., 2005; DelVecchio et al., 2002) suggests that 69 such species specific regions are rare in the genus, however, we have previously reported a 70 34kb Spe1 fragment specific to B. ovis (Michaux-Charachon et al., 1997) . Digestion of the 71 genomic DNA of the same strains by XbaI gives a similar strain grouping (Jensen et al., 72 A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t 6 between members of the melitensis-abortus group or the suis group. This suggest a probable 98 ancient divergence of the three restriction groups described within the marine isolates. 99 100 3.4 Evolutionary history of the Brucella genus The genus Brucella was proposed to be 101 monospecific based on the high levels of homology revealed by DNA-DNA hybridization 102 (Verger et al., 1985) . This, however, does not reflect the 'classical' classification based on 103 phenotypic characteristics and host specificity and recently the 'classical' system has been 104 readopted. Since Brucella grow poorly in the environment and since each species infects a 105 preferential host, we and others proposed that each species is an evolutionary line adapted to 106 a particular mammalian host (Michaux-Charachon et al., 1997; Moreno et al., 2002; 107 Michaux-Charachon et al., 2002) . It has been proposed that B. suis is the closest to the 108 common ancestor of the genus (Moreno et al., 2002; Jumas-Bilak et al., 1998 (Lavigne et al., 2005) . Interestingly, 112 three point mutations in the 23S rrn gene group the marine strains with B. melitensis, B. ovis 113 and B. neotomae (Halling and Jensen, 2006) , giving rise to the question of whether the loss of 114 the incP island occurred once or at different times during the evolution of the genus. The 115 divergence could be concomitant either with the radiation of mammalian species, since each 116 natural host harbors a particular clone, or with the emergence of domestication, allowing 117 cross-contamination by close contact of different animal species. The phylogeny of the 118 marine strains supports arguments for a divergence of the Brucella strains concomitant with 119 the radiation of mammals, since each of the different hosts is infected by a specific clone and 120 cross contamination between exclusively terrestrial and exclusively marine hosts is unlikely. 121
Moreno et al (Moreno et al., 2002) have suggested that B. abortus and B. melitensis became 122 7 isolated about 20 million years ago with the radiation of the artiodactyls. This isolation could 123 be more ancient, since seals and otters belong to the order of Carnivora, which diverged from 124 the Artiodactyla more than 60 million years ago, and since wild rodents, another anciently 125 isolated order, are natural hosts for B. suis. However, a cross-contamination cannot be 126 excluded in this last case, rodents and wild pigs having similar territories. Finally, our results 127 further highlight how the results of the classical typing methods reflect the groups defined by 128 genome organization. From the tree in Fig 3 ( where the length of a branch is represents 129 evolutionary distance), we divergence between the three marine groups is far greater than that 130 between, for example, B. melitensis and B. abortus, suggesting that the three groups could 131 each be classified as a separate species. Further, recent data from both VNTR and MLST 132 typing also suggest that the strains can be divided into three groups (A Whatmore, personal 133 communication). These data are compatible with the proposition in the latest Bergey's 134
Manual of three new species; B. phocae (seals), B. phoecoenae (porpoises) and B. delphini 135 (dolphins) (Corbel and Banai, 2005) . Determination of the complete genome sequences of 136 these, and more Brucella strains is the next step in deciphering their evolutionary history. 137 138
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